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Brief Abstract

This award provides support for the development and initial implementation of an
interdisciplinary Master's Program with a concentration in Optics and Photonics Technology.
This program is a collaboration between the University of Alabama in Huntsville, Alabama A&M
University, Northwest Shoals Community College, the NASA Marshall Space Flight Center, the
U. S. Army Missile Command, Oak Ridge National Laboratory, the National
Institute for Standards and Technology, Advanced Optical Systems Inc., Dynetics, Inc., Hughes
Danbury Optical Systems, Inc., Nichols Research Corp., SCI Inc., and Speedring Inc. These
organizations have been participating fully in the design, development and implementation of the
program. This program is directed at both traditional students as well as government and defense
workers who desire specialty education in practical optics and optical systems design and
manufacturing. It is intended to produce highly trained graduates who can solve practical
problems, and includes an on-site practicum at a manufacturing location.

The broad curriculum of this program emphasizes the fundamentals of optics, optical systems
manufacturing and testing, and the principles of design and manufacturing-to-cost
for commercial optical products.

The degrees offered are the MS in Physics and the MSE in Electrical Engineering with
concentration in Optics and Photonics Technology through the Physics and Electrical and
Computer Engineering departments of UAH with support from and in consultation with the
Steering Committee composed of representatives from each of the participating organizations plus
a student representative.

1. Introduction

An interdisciplinary Master's Program with a concentration in Optics and Photonics |
Technology is offered under the U.S. Manufacturing Education and Training Activity of the
Technology Reinvestment Project (TRP).

A number of industries, government and academic organizations are participating fully in the
design, development and implementation of this program. The program will produce highly
trained graduates who can solve practical problems. It includes an on-site practicum at a
manufacturing location.

The program is designed to enable full-time students and the government and industrial
defense work force to transition to commercial manufacturing, enhancing their competitiveness in
the global marketplace, and to expand the U. S. job base and economy. The broad spectrum
curriculum of this program emphasizes the fundamentals of optics, optical systems manufacturing
and testing, and the principles of design and manufacturing to cost for commercial products. The
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participating organizations are providing extensive personnel and laboratory facilities to ensure
successful implementation and sustainment of the program.

The MS in Physics and MSE in Electrical Engineering Degrees with concentration in Optics
and Photonics Technology are offered by the respective University of Alabama in Huntsville
(UAH) academic departments under the auspices of the UAH Graduate School, with support
from and in consultation with the Steering Committee chaired by Dr. John O. Dimmock, Director
of the Center for Applied Optics. The Committee is composed of representatives from each of
the participating academic and industrial organizations, as well as a student representative from
UAH.

The degree consists of thirty-three credit hours, of which twenty-seven are classroom hours
in new and existing courses offered by UAH and Alabama A&M University (AAMU), and six
credit hours consisting of a practicum and thesis to be executed at one of the on-site locations.

2. Activities and Deliverables

a. Current and Completed Project Activities
Table 2 summarizes the project activities and deliverables for this reporting period. Four
new courses were developed:

1. Optomechanical Design and Manufacturing was developed and taught by Dr. Anees Ahmad
and Mr. Darell Engelhaupt during the spring semester last year with four students completing the
course. The class is currently being taught this spring.

2. Optics and Photonics Systems Design was developed and taught by Dr. Mustafa Abushagur
in the spring semester last year with eight students completing the course. This class is also being
taught this spring.

3. Optical Testing and Fabrication was developed and taught by Dr. Lloyd Hillman in the fall
semester with five students completing the course.

4. TIntegrated Product and Process Design was developed and taught by Dr. Phil Farrington in
the fall semester with seventeen students completing the course.

Dr. Don Gregory and Dr. Gregory Nordin supervise two students, Paul Burke and Jeff Meier,
who began work on their practicums at NASA/Marshall Space Flight Center the beginning of
summer, 19935

In addition to these curriculum and training tasks, the following significant activities were also
accomplished:
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The program was highlighted at a booth which was acquired by UAH at the 11th Annual
Technical and Business Exhibition and Symposium held at the von Braun Civic Center on
May 16 - 17, 1995. The symposium was attended by over 5,000 individuals and many picked
up materials available at the booth describing the program. Materials associated with this
were included with the 3/19/95 - 6/18/95 Quarterly Report.

A meeting to review the first year of the program was held with the students on May 24,
1995. The students reported that the program was going well and that they were looking
forward to their summer practicum experiences. One recommendation was that it would be
useful if a single practical design and fabrication problem could be identified at the start of
the program and carried through all of the core classes. This recommendation was passed on
to the faculty who are attempting to incorporate it into the 1995-1996 curriculum.

An invited talk on the program was presented at the 1995 International Conference on
Education in Optics associated with the Annual Meeting of the International Society for
Optical Engineering on July 10, 1995. The manuscript is attached to the 3/19/95-6/18/95
Quarterly Report. This paper has been published in the proceedings of the conference, SPIE
Proceedings Volume 2525, paper 35, pgs 370 - 378. A second presentation the program was
given at the Optical Society of America Forum on Education and included in the proceedings
of this conference as well. These two papers are essentially identical.

An additional nine students entered the program in August and two scholarships were
provided with project funds.

Meetings were held with each student in the program and with all students collectively to
discuss the program requirements and objectives and the needs and interests of the individual
students as well as their plans for completion. The principal issue was the lack of availability
of all required courses in the evening for students with full time jobs. This remains an issue
as most of the students prefer the current schedule where most of the required courses are
available during the day.

A significant amount of advertising has gone out. Program fliers have been sent to 140
campus chapters of the Optical Society of America and the Society of Physics Students, and
98 fliers were sent to companies working in optics and photonics technologies. See
Attachment 1. Further the availability of the program and financial aid was included on the
UAH web site with links to the NSF/MET site as well as the web sites of the optics and
photonics professional societies.

The Second Annual Review of the program was held on March 6, 1996. Attachment 2 is a
copy of the agenda, attendee list and presentation materials. There was substantial discussion
following the student presentation by Paul Burke, the student representative on the steering
committee. The students indicated that the program would benefit by having more
opportunities for laboratory work and by having more of the courses available in the evening.
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These recommendations will be addressed by the faculty during the next reporting period.
Further it was determined that the students were not sufficiently familiar with the courses
offered under the program by Alabama A&M University. A visit to that campus is planned
to rectify this situation.

b. Activities Planned or Begun for the Next Reporting Period

1. Faculty committees have been established for five of the new students and will be established
for the remaining four in the next reporting period.

2 Practicum activities for some of the second class have been initiated and will begin for the
rest of the students this summer.

3. The student issues noted in subparagraph 7 above will be addressed by the program faculty in
consultation with the students.

4. The visit to Alabama A&M University campus, noted above, has been scheduled for March
20, 1996.

3. Commitment to Education

Under this program a new concentration option under the Master's of Science (Physics) and
Master's of Science in Engineering (Electrical Engineering) degree programs of the University of
Alabama in Huntsville was developed and approved by the Alabama Commission of Higher
Education of The University of Alabama System. This concentration consists of courses offered
by the University of Alabama in Huntsville and by Alabama A&M University in Normal, Alabama.
It includes four new courses, as described in section 2 of the annual report for 1994-1995,
focussing on practical optics design and manufacturing and on manufacturing management. It is
our opinion that the combination of fundamental optical science, design and manufacturing, and
manufacturing management offered under this concentration is unique. It is expected that this
concentration will fully prepare students for leadership roles in practical optics and photonics
manufacturing of both military and commercial products.

To date there are only two "manufacturing workforce" students in the program even though
considerable effort was expended in advertising the program broadly throughout the optics
commercial and defense industrial base. We have extensively advertised this opportunity to this
community for the fall of 1996 matriculation. In addition to mailing flyers we have strongly
encouraged the industrial and government members of the Steering Group to encourage their
employees to consider this opportunity. It is, of course, too early at this time to assess the results
of these efforts. Although the two working students have indicated a desire to have more of the
courses available in the evening, and we intend to address that, we have not gotten the indication
that course schedule has been a deterrent to prospective students.
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The University of Alabama in Huntsville has supported two students in this concentration
with assistantships. The program is fully multi-disciplinary, involving courses developed and
offered by the Physics, Electrical and Computer Engineering, and Industrial and Systems
Engineering Departments, the Optical Science and Engineering program and the Center for
Applied Optics. Establishing this multi-disciplinary program was possible only through the
establishment of teamwork and partnerships across these disciplines as well as between
institutions and private and public sectors. The outcomes are currently being implemented and
tested. They will be assessed and disseminated in the next two periods of the program.

4, Innovativeness

This multi-disciplinary concentration is new at the University of Alabama in Huntsville and
we believe in the United States. The coursework includes fundamental optical science, practical
optics and photonics design, fabrication, testing and manufacturing, and manufacturing
management. Several of the courses include hands-on activities and the onsite practicum involves
project work at industrial and government locations.

Educational materials used in the four new courses, in particular, deal directly with optical
and photonic systems design fabrication, test, evaluation and manufacturing as well as
manufacturing management. All of the new courses as well as the curriculum as a whole have
been developed with industrial involvement and with the approval of the Steering Committee
which has a strong industrial flavor. Industrial experts are involved in the development and
delivery of all of the new courses offered in this concentration.

5. Target Populations

Information has been distributed several times as follows: Through the Alliance for Optical
Technology to Government and defense workforce; graduating seniors locally (UAH, AAMU,
Oakwood College) and nationwide; and to student chapters of the Optical Society of America. A
brochure and admission form is sent to each prospective student who inquires.

Alabama A&M University, an Historically Black University, has been involved in this
program from the initial planning stage. Several of the courses offered in this concentration are
given at Alabama A&M, and a representative of Alabama A&M sits on the Steering Committee
and contributes to the program guidance. Historically Black and Minority Institutions in the
southeast which have Dual Degree Programs with UAH have been particularly targeted in our
advertising campaign.

6. Resources - Leadership, Management, and Team
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The project team consists of a balanced mix of faculty and industrial personnel. The names,
affiliations and areas of expertise of the key project team members are listed as follows:

Key Project Faculty:

Name Department Areas of expertise

1. Dr. John Dimmock Center for Applied Optics Solid State Physics

2. Dr. Anees Ahmad Center for Applied Optics Optomechanical Engr'g

3. Dr. Mustafa Abushagur Electrical Engineering Optical Signal Processing

4. Dr. Llyod Hillman Physics Lasers and Quantum
Elec.

5. Dr. Philiip Farrington Industrial Engineering Mfg. Systems and QC

Key Industrial Personnel:

Name Industry Areas of expertise

1. Dr. Robert Berinato Dynetics, Inc. Electro-optics

2. Mr. Philip Stahl Hughes Danbury Optical Fab and Testing

A much larger group of faculty, industry and government personnel are members of the Steering
Group as shown on Attachment 3.

The overall program is guided by the Steering Group described above. The program
development and management is provided by the Faculty Committee.

7. Resources - Equipment, Facilities, and Teaching/Learning Laboratories

The labs used in this program are housed in our 110,000 square foot optics building which
was specifically designed for state-of-the-art optics research. It contains four floors of
vibrationally-isolated and environmentally-shielded lab core, which includes over 6,000 square

feet of cleanroom space.

The labs currently being used are the Virtual Prototyping Laboratory and the Optical
Design Laboratory. A variety of capabilities exist to perform virtual prototyping of complex off-
axis aspheric optical systems, direct transfer of optical ray traces and surfaces to AutoCAD Finite
Element Analysis (FEA) programs, and CNC machines for optical parts fabrication. Software
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includes: AutoCAD release 13 with AME (Advanced Modeling Extension) capability, mechanical
fasteners and geometric dimensioning and tolerancing symbols libraries, Autospell and a text
editor. Hardware includes 486 and Pentium computers and a Hewlett-Packard Draftpro EXL
color pen plotter (A-E size). The Optical Design Laboratory contains the best commercial optical
design programs (CODE V, SYNOPSYS, and others), in addition to a unique link to CAD and
Finite Element Analysis, resulting in the ability to:

1) design leading-edge optical systems with tolerancing and fabrication specifications;

2) download to CAM; and

3) optimize the optical systems for manufacturability and performance.

8. Resources - Budget

With the completion of the initial new course development, the faculty have not been
charging all of their class and preparation time but have been considering a large portion of this
time as cost sharing to the contract, thus freeing up funds to support students and some travel.
The result of this is that we had not spent all of the money in the second year of the contract that
was planned, and we will carry this over into the following year enabling us to support additional
students in the program.  Funds were expended for salaries, student support and advertising the
program in national magazines as well as group mailings of literature developed for the program.

The cost sharing for the second year was 2.07 of the TRP award expended. Personnel
from Dynetics prepared and delivered four lectures for EE 570 and EE 670 courses, prepared
practicum opportunities and served on the Steering Committee. Nichols also prepared practicum
opportunities to be available to POMO students. NASA/MSFC provided stipend, personnel and
facilities for two students to do their practicum.

9, Industrial Involvement

Tables 6 and 7 indicate the industrial involvement in the program. The involvement has
been through the overall program development and guidance provided by the Steering Group, the
industrial participation in the course development and delivery, and the support through the on-
site practicum opportunities. Firms involved include both small business and large business as
well as both defense and commercial businesses.

10. Assessment

This program is under continuous assessment by the Steering Committee which includes a
student representative. The Steering Committee review on March 6, 1996 evaluated the program
progress in its second year. It was felt that the program is generally meeting its objectives
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although we hope that the number of students, particularly those in industry, could be increased.
The students in the program are generally pleased with the course work and schedule except in
the areas of laboratory involvement and evening alternative class scheduling. These issues will be
addressed as noted above. We are disappointed that it has taken considerably longer for the two
original students to complete their practicum projects and graduate than originally expected.
However, the students themselves do not appear to be as concerned. The projects undertaken
have turned out to be more substantial than originally thought. In hindsight this should not have
been a surprise. We will need to counsel incoming students to expect two years for their degree
rather than the sixteen months originally budgeted. Further assessments are planned for
September 1996 and February 1997. Assuming that we get another increase in students
comparable to that experienced this last year, the program should be self sustainable at that time
with the possible exception of stipends for students. This will be addressed in the next year of the
program. We will also, of course, track the graduates to follow their career progress after
graduation and compare it with other UAH MS and MSE graduates in Physics and Electrical
Engineering during the same period to assess overall program success.

11.  Current Research Support of Senior Personnel
This project is monitored by the NASA Marshall Space Flight Center.

12.  Animal Care and Use, Institutional Biohazard Committee and Human Subject
Certification

Not applicable.

13.  Other Significant Information

None.

14. Attachments

Attachment 1: Flier
Attachment 2: March 6 Meeting
Attachment 3. Steering Group
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Table 1
Background Information

Function Name Phone Fax E-Mail
Principal . ' . .
Investigator Dr. John O. Dimmock 205 895-6030, 400 205 895-6618 dimmockj@email.uah
edu
Technical
Leader
(if not PI)
Database . . .
Contact Freya W. Bailey 205 895-6030, 474 205 B895-6618 baileyf@email.uah.edu
Name Updated 2/17/95
State]
Home Data Collected
_ Institution
From
Through
Headquarters’
~ Address
HQ Phone HQ Fax
— ——
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Table 3: Personnel

Personnel
Classification

Total

Sex Race/Ethnicity
F M] uys| NA AA c H PI

Foreignh Disabled

Faculty

Management Staff

Experts in
the Classroom

Other Educational
Personnel

Visiting Faculty

Stud. in Short-term
Technician
Training

Stud. in Short-term
Professional
Training

Stud. in Experimental
Lower Division UG
(Undergraduate)

Stud. in Experimental
Upper Division UG
(Undergraduate)

Students in
Experimental
Master's Degree
Program

11

Graduate TAs

‘ergraduate TAs







Table 3: Personnel

— Personnel Sex Race/Ethnicity

e Total F M us| NA AA c H Pl A | Foreign] Disabled

Students Doing

Internships in Thesel were studerfts in the summer internship summer of 'Op- listpd
Industry in abpve statistics

3 1 2 5 1

Active Defense 1

Workers 2 1 1 5 5

Displaced Defense
Workers

Race/Ethnicity for U.S. citizens and permanent residents only: (NA) Native American; (AA) African
American, not of Hispanic origin; (C) Caucasian, not of Hispanic origin; (H) Hispanic; (Pl) Pacific Islander,
(A) Asian.






Table 4: Functional Expenditures

Functional Category Current Year
Faculty Salaries
$21,756
Student Salaries
$ 5,814
Research Staff Salaries (Full-time (non-teaching)
research scientists and technical support) S 337
Post-Doc Salaries
Administration Management Salaries (clerical
support, contracts officer,etc.) : $13,429
Other Salaries
General Operating Expenses
peraling =xpe $ 3,888
Facilities
Travel
S 989
Equipment
University Overhead-Indirect Costs
$19,770
$65,983

Total







Table 5: Matching Funds by Source of Support

Other
TRP/MET Federal Other
B Type -Award Industry Univ. Agencies State _Support Total
Cash-Unrestricted
Cash-Restricted| 65,983 65,983
In-Kind Equipment,
- Materials and Supplies
In-Kind Personnel 15,837 97,127 14,492 127,456
B in-Kind Software
_ Other
STUDENTS 6,625 g ’ ggg
TUITION 2,557 !
Total 65,983 15,837 106,309 '14,492 202,621
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ATTACHMENT 1






A Practice Oriented Master’s Degree Program in

Ilptlcs & Photonics Technology

-Golleges of

Introduction

Engineering
& Science

A unique, industry-oriented interdiscipli-
nary Master's degree program with a concen-
tration in optics and photonics technology is
being offered at The University of Alabama in
Huntsville under the U.S. Manufacturing
Education and Training Activity of the
Technology Reinvestment Project.

A large number of industries, government
and academic organizations have partici-
pated in designing, developing and imple-
menting this program to produce highly-
trained graduates who can solve practical
probiems. It includes an on-site practicum at
a manufacturing location.

The program is designed to enable full-
time students, and the government and
industrial defense work force to transition to
commercial manufacturing, enhancing their
competitiveness in the global marketplace,
and to expand the U.S. job base and economy. Some
distinguishing features of this program include:

+ A mix of science, engineering and manage-
ment courses;

+ Applications-oriented courses with design and
hands-on laboratory content; and

+ An ons-site practicum at an industry or govern-
ment research laboratory.

The program emphasizes the fundamentals of
optics, optical systems manufacturing and testing,

A 3-D moedel of a compact imaging spectrometer
developed at UAH

and the principles of design and manufactur-
ing to cost for commercial products. Partici-
pating organizations provide extensive
personnel and laboratory tacilities to ensure
success.

The program is offered by the Electrical
Engineering and Physics departments of The
University of Alabama in Huntsville (UAH)
under the auspices of the UAH Graduate
School.

Admission Requirements and Financial Aid

* A bachelor's degree in science or engineering
from an accredited institution; plus

* A minimum average of B (GPA of 3.0) on the
undergraduate record; and

* A minimurm score of 1,500 on the aptitude test
(verbal, quantitative, and analytical) portion of the
GRE.

These are Graduate School requirements. Some
departments may require higher averages or
additional qualifications. The applicant whose
native language is not English is required to take
the Test of English as a Foreign Language (TOEFL)
and score at least 500.

ineering
and Science
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Financial aid is available for all qualified
students. Information regarding financial
assistance is included with the application
material sent to each prospective student.

Further information may be obtained by
calling the Center for Applied Optics at

(205) 895-6030.

UAH

The University of Alahama in Huntsville




Colleges of
l l AH Engineering
and Science

Colleges of
Engineering

The following laboratories at Alabama A&M
University are also available:
Crystal Growth;

Curriculum Requirements

& s C i ence 21 hours of required core courses, including: Fiber Optics:
* 6 credit hours in optics pnngiples; Glassy Carb'on Manufacturing:
9 céeriﬁsgzti]ﬂizhtce?h?\eosl;g;y High Temperature Furnace:
‘ Holography;
* ¢ credit hours in engineering management. La se?L QF};S,Y
6 hours in elective courses (two courses to be Materials éh aracterization:
taken in one of the following areas): Materials Irradiation Cent ér-
= a. Opnccttl systems and engineering Microgravity Space Experiments; and
] 2 ggg:a;lglgiﬂfs Optical In-situ Crystal Growth Rate
' Measurement.
d. Optical communications
e. Optical materials :
f. Manufacturing technology: Systems Practicum Examples
g. Manutacturing technology: Quality ] . .
h. Manutacturing technology: Statistics A number of on-site practicum opportunities
u i, Manufacturing technology: Reliability are available for the students in the areas of
j. Engineering management, integrated precision optical fabrication; diffractive, binary
c production & processes and coherent optics; optical wave guides:
k. Marketing, management and metrology instruments for scatter and figure of
h management science aspheric optics; optical image processing:

acousto-optic and microwave devices; optical
instrumentation for ice detection; laser ranging:
remote sensing; cryogenic radiometry; and fiber
optic sensors. These practicum are offered at the
Facilities tacilities of the following program affiliates:

* NASA/Marshall Space Flight Center

*U.S. Army Missile Command

* Oak Ridge National Laboratory

* National Institute of Standards & Technology
* Advanced Optical Systems

* Dynetics, Inc.

* Hughes Danbury Optical Systems, Inc.

* Nichols Research Corporation

* SCI Systems, Inc.

* Speedring, Inc.

1. Physics
6 hours of on-site practicum and a thesis.

IG:

The focal point of all optics research at UAH is
the 118,000-square-foot Optics Building. There are
more than 20 advanced optics laboratories in the
building. These labs cre administered by faculty
from the physics, electrical and computer engi-
neering, mechanical and aerospace engineering,
and the chemical and environmental engineering
departments, as well as researchers from UAH's
Center for Applied Optics.

Some of the unique laboratories are:

Experimental Mechanics and Applied Optics.

Holography & Speckle Metrology: For more information, please contact:
Optical Coatings;

Optical Design and Modeling:

Optical Fabrication; Dr. John O. Dimmock, Program Director
Optical Information Processing: Center for Applied Optics

Optical Metrology: University of Alabama in Huntsville
Opto-electronics Research; Huntsville, AL 35899

System Prototyping: and Phone: (205) 895-6030, Ext. 400

Virtual Prototyping. FAX: (205)895-6618

E-mail: dimmockj@email.uah.edu

=
E
]
e
=)
=)
e
.
@
a
e
=)
a
 —
o0
B
a
]
]
=
-
®
E
S
[
—
a
X
-
X
]
e
a.
=

g
£
%
5

A Space Grant College
An Affirmative Action/Equal Opportunity Institution




ATTACHMENT 2






Foourun
ojeuuag
e

g
1913
»ng
uoj)3uure
uewjty
peuyy
m3eysnqy

yoourun(]

umofpy

SUOIOY ‘UOISSNISI(] “‘Arewng
aAnoadsIod Ansnpuj

MIAIBAQ NBV eleqelY
(uoissnasip) aAan3oadsiag syjuapmg
yoday wmnonoelg

poday] wnonoelq

USIS3(] $S9901d pue UOIIdNPOL] PaIeI3Au]
3unsa], pue uonesuqe, jeondp

"SI pue ugisa(q [earueyoswo}dp
u3Isa( WIsAG soojoyq pue [eondp

MBIIAIOA() PUR UOTIONpONU]

33130)

pE7 wooy ‘Suipping sando HvN
9661 ‘9 YIIBJA ‘MIIAIY WieIF01] [Bnuuy puodIS

A3ojouydd ], somuojoyq pue syndQ ur uoyesyuaduo)) FSI/SIN

00l
Sh-11
0¢-11
SI-TI1
00-11
0v-0l
0C-01
01-01
00:01
056
0v-6
0¢-6
SI-6
BpUs3Y






POMO STEERING COMMITTEE
MEETING TITLE

3/6/96
DATE
Attendees Company Phone FAX
Roaux Lak Alshane Aot 8SI-S366 BSI-S622
Anveces AHrmaD CAD / LA H Pq - €630 x472  £9.C 6618
%/44 Fe:’d 5#140(;;41( 733-Yeooa
RBob Berinato Duynetice R lac . 422-923¢X315 922925+
fe e s ORN L YBBBUSIU 4235507
Coedon a0 cAA S o7 X 6206 296777
/bo/u Gvegory 04 H Ph;lslcs FUS=6276 546573
Ye Ly CAO [ vAY D5~ 8030xet _295-£6:8
Napo/t‘ 020.«. | CAD/ UAK 895-to30 x yob___8IS-6£18
arche Divez. STDenTs 7722 -002<
\ st U AH/CAO  BI5-¢030 xisy 837546 8
.Ja{lf Meie? Stodent 921- 1193
Pond  Azh/ Mic oM §U-2¥FY _ E¥L—1307
Z_.Aé Y &zz MAson SHANe 2 Nast._Te 2001 Y4707 1
o Soaies croTe | &5 - boxd RO BIS -661%

pjcﬂ /Lr/i(‘-f/hbr'\ Adiong d Opliisl Syl 336-5960 536-5%6¢







uopedso Buunjoejnuely e je wnaposeld 83g-uQ ue Buipnjouj

juewabeuew Hulnjoejnuepy jeonoead Vv
ABojouydosa] Bupnjoejnuey pue ubisegq Vv
so|diould somndpo v

JO XIN

"suojjeziuebiQ JUsWUI9A0S pue Jjwapedy ‘Aisnpuj
"190{04d JuswyseAujey ABojouydse] ey} Jopun papung

ABojouydsa] saluojoyd pue sando
ul UoneIjJuUdadUO0I Y}IM
Buneauibuz jes3oa|3 ul ISN / salsAyd ul S






Ul ‘TIM
SuusouIBuyg umoig SUApo[d].

YoIeassy ueSIop
1JeN Jo8uBl] pue uosep\
dnoip) aoedg 7 ssusjay Surog |
P ISUJ(] SWISAG 29 20edg Y39, % SpIepuelS JO Imusu] [JeN
Aiosapy A103e10qRT TeUOnEN 33pRy YO
puBIIIO)) S[ISSIA] AUy ‘S
"ou] ‘uLpaadg "1 W31 oedS [eysEN VSYN
U] DS SUOTIMSU] JUSUUILLISAOL)
:obwomoﬁ m_onoz
'sAS TeondO Amnqueq saygny IO ANUNLUIOY) S[ROYS ISIMUMON
"OU] SOUSUA(T - AYISIoATUN) JARPY BuTeqElY
SwSAS Teond peoueApy S[[IASJUNH Ul Bureqe[y Jo AJSISAI)
SORI[JY [eLnsnpuy SUOIMUSU] USRIy
wesY, Pafor]

A3o[ouyda], SoMmMoy] pue sopdo Ul uonrUIdNIO) FSIA/SIAI






parmba
SISH{ |, puse WndnRIJ RIS U0 JO MO 9

30USIOG JUNLATEURIA SUONEOIINLILLO)) [eoudQ) P
/FUSUSTEUBI/BUBNEIN | sreusis [eondQ "
JuSWSSeur| Sueeuiduy N sondo wmyreny) °q
so1sAyg °f 3uuouBuy pue SwsAS eondp e
Annqeray (seare pasapd|
‘A3ojounoa ], SuLmoeMUE T SUIMO[0J AP JO JO Ul UIfE) 3 0} SISMOD
SousuE)S 0M}) $I8MO)) ARIY ut pambay smoy 9
‘ASojourjoa], SuLISEMUEIN Y JuotaSeuEy
Aiend SuLoudug ur SOy JIPAD 9 .
‘Aojouyos . wcﬁééz 3 ASo[ouyoa] SuLmjoemuEly
pue udisa(q sondpO Ul SMoY P 6 .
‘A30joujoa], quﬁﬁaz 3 sajdoutlg soudQ Ul Smoy pan 9 .
Sfeusely Teondo o SISIM0)) 10D pambay smoyy 17

SuRIMbRY wmmowm)






SAIA[H JUSULTeUR] SULIAUISU]
(HVN - 0LS ASI) uB1sa(] $53001J Pue UOLMPOIJ PoreISa]

(smoy 9 ) awsFeurpy SuLsourduy

(HVQ - ¥S9 ASO) 1531, pue uonesuqey reoudp

(HVN - 0,9 dH) SuLmpemuey pue uSisa [eorreyoxuod)

(HVN - 0LS dH) uSisaq wasAg somojoyd pue sondp
(smoy ¢ ) A3ojouyoa], SuLmioemuepy pue udisaq [eondo

(NAIVV - LS9 AHJ 10 HVN - ZHS ASO) sondO [edrsAyg
(WAIVV - 69 AHd 10 HV( - 1$S 9S0) sond) [eowmawoan)
(smoy 9 ) :sajdiuny reondo

(smoy [g) :9sm0D) 210 parmbay

weIsaly
ASo[ouyd], SSWeoy ] pue sdndo ul uonrRHUIN0I
PIM SULIRUISU eI Ul HA/SHSAYY Ul QAI






3u1ss3001 1504 ST

sI0jejan0) feondp 7
SOOI SAL(] ‘sAelry 10a1(] €T
SIAIRY 7T
wqii 8°¢ SIDPIUSURL], 7
wc_wﬁ:_ BqL /€ suysisgng 7
SHIOMIDN UOBEOINLULIO)) 33q1] 9°¢
SWI)SAG pamyu] ¢'¢ sjuauodilio)) 13qL] pue SIqL] 9'
SIEpEY 195e] {°¢ SIS [eondQ sAnoRy] ']
3uissao0lq [eusis sandepy ¢'¢ SIOLIA PUe SISUYY {'|
uonu3eosy wayped reondp '€ SIORMPOJA €1
sadoosapar 1°¢ 81015912 1
AWRSAS ¢ S9mMog W3y ']
suodine) |
:_UIPNO ISmMo)

SOMUOIOY] JO SpIPUDPUN] TYOIR], PUE Yo[eS DOOMXIL,

USIS)([ SWASAS SOM0)oy pue sondQ

_______________






100foxd sisATeue pue uSisop popre-lomdwo) g

(Sunsay danonysap-uou 1oy spoysaw [esndo ‘suoreordde Suuoyuow
[BJUSUUOIIAUS pUe [edIpatolq ‘sondo A ‘SuslsAs ) so1do) paoueApy

$3553001d [EONUSY0 % TH ‘FUIUIYORWI ‘SIOURID[O}) SPOYIAL UOHEILIGR]
Sped Temidnns pue [eondo J0j UOKDIAS [ELISIEIA

SUOUIRISPISUOD [EJUNUUONAUS PUE [ULIX] ‘AN[IGE)S [EUOISUNLIC]
(ATe101 pue [y “reau]) SWSIIEYOSW Juaunsnipy

S199[y 29 swisud ‘sasud] ‘s1oLrmu 10 syunow feoudQ

— &N e n O

(VO PUE S[EUSUEPUNY. SOMEYOW0Id0
aumpnd ISmMo)
USISH(] WDISAS PONDYOIWIOId)) ‘IPOX XA

SULIIBJNUEBIA] PUe uSIsy(q edmueydxuopd)






3uneo) sanodapay ‘BULIBIYS [RIS1E] “USAID)-UBWIAM |

HNEONOA ‘0DAZ ‘OOAM WM 13 Joumu o 3 TE3ZL{ $IS3], UOLYSABA PUE OLINUOILDW]

«8 ystjod pue puuny A01eioqe Mo-Spuoy, pue 3 7|

TYouoy ‘Ueunel ‘93pa-Jiuy SISIL [EOAW0dD)

SJuMNSeA wauodwio) 1] |
AIN ‘suoneiaqe

SWIRISAS pue syusuodwiod 9SIJASURN ‘SUOTIRLISQE JUOLOABAN SUOTRLIAQY

reondo jo sonbruyso) Bunss) pue uonedsuqe] ([

SJUSAINSEYA] P[OL W31 [RIBUD -

§159} ANOJA “AnAWOISpISUT
orydes3ojoy sonsouey reondp aowsy 6 SSAULBNOJ 0BJINS XPUT dANORIAI

.O.EEEU.«O snipey sjuwamMsex wﬁoﬁaﬁOU )

s3uneo) eondp g
syutod reutpres ‘syi3uoy

Bumstjod pue upuun [e30] ‘pI|S [EPON SJUSWAmMSEA youag reondp -

UIpnQ Ismo)
uoneduqe pue sunsay, BIndo







SIIpryG 9se)) uoreuRIIdL] "¢

ApmiS 9se) sanss Juswageur|y 199(01d 71

sanss] JUSWdO[OA(T SMPAYOS pue 3500 WreISoxd ‘T
uonezmund() Joy ussa(g 01

ANMqessa, 1oy udisx(J

ANIqea01AIdg 2 AN[Iqeray 10] USISa(]

- Aqearngoenuely] 10§ uSisa(]

SUOTIRISPISUO)) 1S9, 29 Suueurduy popry Indwo))
S0UBULIONISJ 10} SuTusIsa(]

SUIES [, TeUOTOUN-HINA] SULGBURI

SUIEs) QAN SuIp[me]

(1dd] 0} 3Buey) sy Surseuey]

Aydosoryd (IddJ 9y 03 uononponuy

BN 3SI0)

suwa Jo wopsiyf a4 YIS pue Yoequazyes]
ugisa( pio] Ysnd :SIXL

USISY(J SSIDQIJ PUe JINPal] PARISHU]

— N F RO o






C QADDJ[ -

3unss], pue uoyesLqeq reoudQ -

usd SS300 oNpoIq poeidony -
1S3 1d pue s -

SISO, wmodnseld g uQ -
ANMUNG

[ A9 -
Sumioeueyl pue ugisa [edmrysawoyd)) -

WRISAS  sotuojoyd pue sondQ -
1Ba 5 AsARS sundg

JudwaSeuey) SuLISoUUy -
e sondQ reotsAyd -
sopdQ [eoLAoaL) -

PSS [l

MMPNYIS smo)) [eIdAY,






¢e el

(1) Suupsadg

(1) DS

(8) TNAIO

($) ISIN

(2) Yoreassy s[oyoIN

(9) OIS

(9) WOOIN

(¢) swarsAs yeondo Amqueq soySng
(1) ou] *souduq

(1) swysAS Teondo paouespy

 sonmungodd wmonoelg

A3ofouyoa ],
SOM0joYq pue sondQ ur uonenusouo) FSW/SIA






Buunioeinuep jeondo uoisivaly - Buupaadg

sjuawaAoidwi
ubisap ayew pue ‘saskjeue |euonippe wuopad ‘Buipuim ajqes ando 1aqy 10j Josuas
uoiisod Aoeinodoe ybiy e jo adAjojoid ay; Jo Bunsa] - Josuag uonisoy 1oqi4 - IS

Buibew jewsay] (a) ‘uoisiaauon umoQ ouiswesed (p) ‘Answolpey o1uabokin
anjosqy (o) ‘ssase jsejeyn (q) ‘buisuag ajoway Joj buibuey sase (e) - 1 SIN

uonejuswnisuj [eondo
paoueApy (q) ‘Aajes 1614 1o wajsAs uonoays(g 82| anIssed (e) - yoseasay S|OYdIN

sondo ouaydsy bunsa] oy Jajsworapa)u buuueog
ansne) (q) :ABojonep asieo) 10) 18jdwolapalu| by apym (e) - Aanqueq saybny

ABojouyoa | ondp-ojsnoody uo paseq
JuawdolaAaq 30IASQ IABMOIOIN pUE §$820.1d leubig paads-ybiH pueqapip - sanauig

Buissaco.d obew) jeondo - sweysAg feondo pasueapy

sojuojoyd ui saidoy} pajoayas (6) pue ‘sjeusjew

anuq jo buipuub apow ajonp ul saidoy pajoslas () ‘Buliw weaq uol uy soido) peydales
(3) :Buiuiny puowerp juiod 9iburs uy s01do} pa1odyas (p) :asn-pua pue 'buisa) ‘uonesuqe;
ut Bugunow 3ay-uoiuo}sip 0} saydoeoidde sisAjeue juawaja ajuy (9) 'sadepns
Pajeduqe; Ajleoneisiuiuiigiap jo sjuawainseaw wnioads Jamod Bunaidiayu (q)

:a1nby pue Joneos |8O)dO 10} SjuBWNLSUI ABojonaw odAj0j01d jo uonenieas (e) - INHO

$321A3( |ealdO Aseurg pue aaoelyiq (a) ‘uonesbayu
PUE S301A8(] [@20d(0-0409{3 10} UOIBILIQRJOIDIN (P) 'S321ABQ J8WAI0H jeandO-0109|3
(0) ‘sjusuodwo?) reando paesBajul (q) 'sadineq jeondo aaep PAPING (€) - WODIW

uBisaq |eondo (4) 'swaysAg buibewy/oapip (3) 'sondo
juasayod (p) :sdO eanoeuyp (9) :Buunbiy uoj (q) ‘Buiuin) puowelq (e) - D4SW/VSYN

WNDOILOWVAd J1IS-NO 40 SIT1dINVS






a8ed swoHq OVO/HVN

SQeT JUSWUISAO0L) pue [eLISNPU] 86
SdS % VSO Jo s1adey) udpni§ o[ 01 1Us SIOATA

spoday O 2 Aepo], SIISAYJ Ul SJUSWIISILIIAPY
JASY Y1 JO SaIpmS djenpeln) oY) JO 0UIDJUO)) [enUUY 966] Y1 18 pardadoe Joded
uoneINp; U0 WnIo, ‘SUNIN [enuuy S661 VSO Yl 18 Uolejudsald

20ULIJUO)) [AN/dUL/ISN Y1 1B uoneiuasald 191s0d

sondQ ur uoneINPF U0 IJUIIJUO)) [BUOTIBUWIIU] C66(
‘Sunea [enuuy IS S661 Y1 18 [ ], pANAU]

S6, SAAV.L 18 yiooq
RITqngd

A3o[ouyd9 ], sotuojoyd pue sondo ur uonenuaduo)) gSN/SIN






L4
Ld
J1d
Ld
14
L4
L4
1d
ld
Ld

14

LA/Ld

i
upIoN I
8urs 1q

answy "1

¢

3104 I

6
UlpIoON "1
A103a10) "1(q

JOSIAPY

CE

CE!

CE|

AHd

CE!

a4

AHd

d4

AHd

d4d

AHd

AHd/d4

96

S6.

$6.

$6.

$6.

$6.

56,

6.

6.

6.

6.

BT §

I9AT|O S1jIeyq
oduip, g premoy
syreds ‘m pueq
p1ay 'q uyor

ez " lfodeN
1N F welig
SINOH ‘N Awry
1924 'S uerjjry
Auag ' m uoydarg
I "L Aaxger
ayng [ned

dweN

IS JUIpMIS OINOd 9661 - S661






EE570 OPTICS AND PHOTONICS SYSTEMS DESIGN Spring 1996

Instructor: Dr. Mustafa A.G. Abushagur
408 Optics Building
895-6215 ext. 408

Textbook: Saleh and Teich, Fundamentals of Photonics, Recommended.

Grades: Homework 20%
Midterm 20%
Term Paper 30%
Final 30%

Course Outline:

1. Components
1.1 Light Sources
1.2 Detectors
1.3 Modulators
1.4 Lenses and Mirrors
1.5 Diffractive Optical Elements
1.6 Fibers and Fiber Components

2. Subsystems
2.1 Transmitters
2.2 Receivers
2.3 Detector Arrays and Drive Electronics
2.4 Optical Correlators
2.5 Post Processing

3. Systems
3.1 Telescopes
3.2 Optical Pattern Recognition
3.3 Adaptive Signal Processing
3.4 Laser Radars
3.5 Infrared Systems
3.6 Fiber Communication Networks
3.7 Fiber Imaging
3.8 Fiber Sensors






TERM PAPER

Due 4/3/96

I. The term project will consist of two parts:

* Term paper to be submitted by 4/3/96
* Presentation of the paper on 4/3 and 4/10

II. The project is a system design with the following requirements:

Define the specifications of the system

Sketch of the system

Identify the different components

Analyze the system for: power, data rate, resolution, speed, performance, cost, ....
Design the system based on performance, cost and reliability.

G\l}l-h_b-)l\)v—-k

Use off-the-shelf components and specify vendor and part numbers when possible.

III. Examples of systems:
Fiber link
Fiber optic bundle telescope
Acousto-optic Spectrum Analyzer
Optical pattern recognition system

IV. Design Teams
Design teams consist of two students each.
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ISE 570
Integrated Product and Process Design
Fall Semester, 1995

Dr. Phillip A. Farrington
Office 221 EB [895-6568]
Office Hours: Tuesday 9:00am-11:00am and by appointment

c Descrintion:
Introduces the concepts and tools which support integrated product and process
design. Particular attention will be paid to multi-functional teams and their value in
promoting the concept of life-cycle engineering. Students will also gain experience with
tools and technologies which support the IPPD philosophy and are used to address the
design-to-cost and performance issues that arise in new product development.

Text: Clausing, Don, Total Quality Development: A Step-By-Step Guide To World-
Class Concurrent Engineering, ASME Press, New York, New York, 1994.

Katzenbach, Jon R., and Douglas K. Smith, The Wisdom of Teams: Creating the
High-Performance Organization, Harper Business, New York, New York, 1993.

References: Tool and Manufacturing Engineers Handbook, Volume 6, Design for
Manufacturability, Edited by R. Bakerjian.

Pugh, Stuart, Totgal Design: Integrated Methods for Successful Product
Engineering, Addison-Wesley Publishing Company, Wokingham,
England, 1990.

Course Requirements and Grading Policy:

Midterm Exam 100 points
Wisdom of Teams Exam 50 points
Team Project 100 points
Case Study 50 points
Final E 100 poi
Total Points 400 points

Late Homework and Make-up exam Policies:

1) Any changes in this syllabus or the grading policy will be announced in class.

2) No late homework/lab assignments will be accepted without prior permission. If you
must miss a class, you should turn in your homework early.

3) Any missed exam will be made up during the final week of classes at my convenience.






ISE 570

Integrated Product and Process Design

Preliminary Schedule of Topics
Fall Semester, 1995

Week | Date | Topic
1 8/24 | Course Review/IPPD Overview
2 8/31 | IPPD Overview/Product Planning & Design
3 9/7 | Integrated Product Teams/Product Planning & Design
4 9/14 | Empowerment/Product Planning & Design
5 9/22 | Team Building/Concept Selection
6 9/28 | Subsystem Design
7 10/5 | Subsystem Design
8 10/12 | Midterm Exam - 2.5 hours
9 10/19 | Piece Part Design
10 10/26 | System Verification
11 11/2 | Developing Production Capabilities
12 11/9 | Pilot Production
13 11/16 | Wisdom of Teams Exam
14 11/30 | Implementation Case Studies
15 12/5 | Final Exam - 2.5 Hours
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UAH P ice Oriented MLS. in Optics D
Paul Burke UAH Practicum

Location: NASA Marshall Space Flight Center
Optics and RF Division -- EB53

Jim Bilbro, Ken Herren, Sandy Mongomery

General Perspective

e Research contract for one year at NASA MSFC

e Power Beaming Project -- High-Power Laser Diode Array

e Create adaptive optic system utilizing optical fibers in IR

e  Verify proposed concepts for power beaming to
geosynchronous orbit satellites
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Fiber Optic Phase Modulatmr for Laser Dmde Amy -

Program Review -- NASA - MSFC

Proposal :

§
|
l
!

Create a system to phase-lock @ semi-conductor
diode array ;

i
|

Analyze previous work on this I:ifoblem

i

Demonstrate phase modulation capability for a
master-oscillator and power amplifier (MOPA)

i
)

Power Amplifier supplied by Phillips Labs
Kirtland AFB, New Mexico







Procedure of Research:

«  Analysis of previous system
.+ Polarization problems

s  Actuator Problems

«  System design and component acquisition
»  Phase Modulator
«  Piezo-Electric actuator - CIR Ltd.
e  Polarization-maintaining fiber - Andrew Corp

«  Semi-conductor Power Amplifier - Phillips Labs
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Phase Modulation Concept:
«  Changing the Optical Path Distance (OPD)
»  Stretch optical fiber to increase/decrease OPD

*  Polarization effects. (PM fiber)

*  Maintaining phase and mode in amplifier
*  Phase correction made before injection-lock
*  Temperature and drive current
* Injection-locking with power amplifiers
High modulation bandwidth > 1 Khz

*  Master laser can be split among many power
amplifiers in an array






Phase Modulation Methods

Option Bandwidth Location *
Thermal Low Power amplifier
Current Medium Power amplifier
Fiber High Fiber arm
(mechanical)

| *

«  Any changes in power amplifier environment will
change the gain curve and amplifying efficiency.

«  Temperature can be maintained to eliminate thermal
effects using thermo-electric cooler
(<<A /10 drift)

e  Drive current can be maintained to within 0.1 mA,
making phase drift negligible






Phase Modulation ability

e  Accuracy to /8 ( A/4 in fringe pattern)
e Linear response to signal cment

«  Total phase shift possible >>2x

e  Modulation bandwidth > 1 Khz

Image processing analysis

e  Video frame grabber and PC set-up

e  Phase modulation with power amplifier in place

«  Demonstration of phase matching






Phase Shift (radians)

Figure #2

Phase Change caused by Piezo Actuator

Signal Voltage (Volts)

Fringe shift in wvaves

—&—Phase shift in radians i
| @ Fringe shift in waves ﬁ







Jeff Meier --- Summer Practicum Description

I. Introduction
(Name, School History,etc.)

II. Project Description:

A.

NASA LIDAR Scanning Element
302 Bending of Light Needed
Must Be at least 90% Efficient
Initial Prism Idea

Diffractive Optic Idea
Photorefractive Polymers

Equations Produced From Maxwell's
Eqns.:

Bragg Angle Calculations

Efficiency Equations

Setup:

(Laser split, columnized,and
Recombined as in Young's Double slit)
Coherence Problems

Diffraction Problems

Intensity of Each Arm

Exposure Times

Safety

Film Handling






Jeff Meier --- Summer Practicum Description

III. Testing:

4 Different Wavelengths

(633, 859, 1300, 2000 nM)

Effects of Baking Film

Near 100% Efficiency With a HeNe
Laser

Efficiency and An Relationships

(An proportional to d/A)

IV. Analysis of Results
Calculate New Thickness
Order New Film
Settle for Best Film Available
¥. Final Work to Be Done

Test New Film
Make Final Optic






Piod 1Seeidec_

- UAH M.S. Optics Program Review

Student Perspective

- e Strengths

e Course selection
e Quality of instructors and material
e Management courses add diversity

e Application to real work

e Suggestions

« Incorporation of Lab work (**%)
_ e Assistance in Practicum structure

- e Scheduling consideration for working student:

- o Distanced learning possibilities
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Services at:

Center for Irradiation of
Materials

(http://icim.aamu.edw/)

¢  Elemental Analysis
¢ Ion Implantation

*  Characterization of Physical
Properties

- *  Scanning Single-Event Upset

*  Electrical and Optical
Characterization







A _

_ Projects at:
Center for Irradiation
of Materials

+ Fabrication of Stacked Waveguides in
- LiNbO,

- + Fabrication of Optical Channel
Waveguides in GaAs/AlGaAs

——

————

+ Jon Beam Fixation of Holographic
Patterns  in LiNbO,

-+ Fabrication of Ultra-fast Optical
Non-Linearities in Geometrically Shaped

. Metal Nano-Crystals Confined in Optical |
Materials

+ Combined Laser, Ion Beam, and

Ultrasonic Techniques in Fabricating
Nano-Structures
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